Antibodies specific for intact 7-methylguanosine (m G) were induced in rabbits and mice by immunization with nucleoside-BSA or nucleoside-hemocyanin conjugates. Since m'G undergoes alkali-catalyzed hydrolytic fission of the purine ring, modifications were made in the procedure for conjugation of m^G to proteins. After periodate oxidation, m 7 G was incubated with protein at pH 9.1 at 4°C for one hour during which the nucleoside was found to be stable. Reduction of the Schiff base was done with t-butylamine borane for 30 minutes, and the conjugated protein was isolated quickly by gel filtration at pH 7.2. Both rabbits and mice produced antibodies that readily distinguished between the intact and hydrolyzed m 7 G. Antibody specificity depended largely on the presence of an intact 7-substituted imidazole ring and some cross-reaction occurred with 7-methylinosine. A weaker reaction occurred with ribothymidine and thymidine. Mouse antibodies induced by m 7 G-hemocyanin showed the highest specificity. They also recognized m 7 G in the isolated mRNA cap structure m'G(5')ppp(5')A.
INTRODUCTION
A variety of eukaryotic and viral mRNA's contain 7-methylguanosine (m 7 G) as a part of a 5'-terminal 'cap' structure (1) (2) (3) (4) (5) which is thought to play an important role in translation (6, 7) . Since the presence of methylated bases in mRNA caps could provide a basis for isolating mRNA populations by affinity chromatography, antibodies specific for these constituents of the cap have been investigated as potential affinity reagents.
Antibodies specific for m G have been described (8, 9) and purified from rabbit antisera (10) . These antibodies have been used to detect m G in synthetic nucleic acid polymers (11) and to fractionate oligonucleotides containing methylated bases (12) . However, attempts to use antibodies specific for m G to purify cap-containing mRNA's have been largely unsuccessful. This may be due to two reasons: 1) antibodies to m G-BSA niay not have sufficient affinity to bind very low concentrations of the monovalent mRNA cap, and 2) previously developed antisera may contain significant amounts of antibody specific for hydrolyzed m G rather than m G itself.
7-methylguanosine is highly susceptible to an alkali-catalyzed ring fission which occurs above pH 8.5 (13) and which is accompanied by the change in absorption spectrum shown in Fig. 1 . Previous studies of antibodies specific for m G have used nucleoside-protein conjugate immunogens synthesized at pH 9.5 at room temperature (14, (8) (9) (10) (11) (12) or m G purified by thin layer chromatography with solvents containing NH.OH (8) ; these immunogens may have contained *7 significant amounts of hydrolyzed m G.
In this report, we describe the synthesis of m G-protein conjugates under pH and temperature conditions that minimize the alkali hydrolysis of the purine. Our studies indicate that rabbit and mouse antibodies induced by conjugates made under these conditions are highly specific for the intact form of m G and readily distinguish between the intact and alkali-degraded m G.
The antibodies can recognize m G in the isolated mRNA cap structure m G(5')p pp(5')A, but with lower affinity than they show for free m G. The affinity of these antibodies still may not be high enough to allow their use for isolation of small amounts of capped mRNA. 
MATERIALS AND METHODS

Preparation of m G-protein conjugates
Ten mg of m G was oxidized with 0.6 ml of 0.1 M NalO^ in water (final pH = 6.6) for 30 minutes at room temperature. Oxidized m^G was added dropwise to 12 mg of rabbit serum albumin (RSA), bovine serum albumin (BSA), or keyhole limpet hemocyanin (KLH) in 2 ml cold 0.3 M NaHCO , and the pH adjusted to 9.1 with 5% K^CO . The remainder of the preparation was conducted at 4°C. Conjugation was allowed to proceed for one hour at pH 9.1 in the cold. The Schiff base conjugate was reduced with 50 mg t-butylamine borane (Eastman Organic Chemicals) rather than sodium borohydride in order to reduce the bubbling and pH change due to rapid H production. The preparation was then chromatographed in the cold on a Sephadex G-25 column and washed through with PBS (0.01 M potassium phosphate, pH 7.2, 0.14 M NaCl).
Preparation of [ H]-m G-RSA and [ H]-guanosine-RSA
Two mg of m G or guanosine was oxidized with 100 pi 0.1 M NalO, in water 4 for 30 minutes at room temperature. Oxidized nucleoside was added to 2 mg RSA in 0.3 ml of 0.3 M NaHCO-, the pH was adjusted to 9.1, and the reaction was incubated in the cold for one hour. Approximately 2 mg of [ H]-KBH, (New England Nuclear, 25 mCi/4.5 mg) was added, and the conjugate was reduced overnight at 4°C. The volume of the reaction mixture was brought to 2 ml with PBS and dialyzed in the cold against several changes of PBS.
Guanosine-BGG-CM BioGel
For preparation of an adsorbent to remove antibodies that cross-reacted with guanosine, bovine y-globulin (BGG) was linked to CM Bio-Gel A by means of the water soluble carbodiimide l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAC). Fifty mililiters of CM Bio-Gel A was washed with 250 ml of PBS and 250 ml coupling buffer (3 mM KPO,, pH 6.3). BGG (1 gm/50 ml coupling buffer) was added to the washed gel, the pH was adjusted to 6.3, and the reaction was shaken gently for 30 minutes at room temperature. EDAC (5 gin) was added, the pH was again adjusted to 6.3, and the gel was allowed to react for 24 hours at room temperature. The coupled gel was then (ashed with PBS. 77% of the added BGG was found to be bound to the gel. Guanosine was then linked to the BGG-BioGel using the technique of Erlanger and Beiser (14) .
For preparation of an immunoabsorbant for antibody purification, AECMFicoll, prepared as described by Inman (15) , was linked to CNBr-activated Sepharose 6B by the method of Porath, e£ aL^. (17) . Three hundred milligrams of m G were oxidized with 15 ml 0.1 M NalO, in water for 30 minutes at room temperature. Oxidized m G was mixed with 50 ml AECM-Ficoll-Sepharose in 50 ml 0.15 M NaHCO.j. pH and temperature were maintained at 9.1 and 4°C respectively for three hours. The Schiff base conjugated gel was reduced with 400 mg tbutylamine borane overnight at 4°C. The gel was then washed with 1600 ml cold PBS. It was found that 61% of the added m G was bound to the gel.
Spectrophotometric measurements alkali-hydrolyzed m G
All spectrophotometric measurements were made with a Cary 14 spectrophotometer. 7-methylguanosine (4 mg/ml H-0) was diluted with an equal volume of 0.6 M sodium carbonate (pH 10, 9.5 or 9.3) or 0.6 M sodium phosphate (pH guanosine-RSA were incubated for two hours at 37°C and overnight at 4°C.
Immunoglobulin was precipitated with 75 pi of gamma globulin (an ammonium sulfate fraction) of goat anti-rabbit IgG for one hour at 37°C. Precipitates were centrifuged in a Brinkmann microfuge for 2 minutes and dissolved in 100 pi 0.1 N NaOH, the tubes washed with 100 pi 0.1 N NaOH, and both were counted in 3 ml Beckman Ready-Solv.
For competitive radioimmunoassay, 100 ul of appropriately diluted serum or 50 pg purified antibody was incubated with 50 pi of inhibitor or PBS for ten minutes at 37°C. Twenty pi dpprox. 13.2 pg, 4000 cpm) of [
G-RSA was added and the reaction was allowed to continue for one hour at 37°C and overnight at 4°C. Immunoglobulin was precipitated for one hour at 37°C with 50 pi of the gamma globulin fraction of goat anti-rabbit y-globulin serum and precipitates were analyzed as described above.
RESULTS
Effects of pH and temperature on the rate of m G degradation WAVELENGTH (run) Figure 1 . Alkali hydrolysis of m 7 G at 23°C, pH 9.0. 50 mg m 7 G was dissolved in 1 ml water. Samples were diluted with an equal volume of 0.6 M NaHCOj, pH 9.2 (final pH = 9.0) and incubated for 24 hours at 23°C. At various intervals 100 ul allquots were diluted 1:10 in 0.2 M KPOA, pH 7.0. A control sample of m 7 G was diluted 1:20 directly into pH 7.0 buffer. Another control sample was hydrolyzed for 24 hours at 23°C with an equal volume of 2 N NaOH and then diluted 1:10 in pH 7.0 buffer. All samples were further diluted 1:100 in PBS for spectrophotometric measurements.
The route of antigen administration affected antibody titers and crossreactivity (Table 1 ) . Early sera (a and b) from intravenously boosted animals contained little precipitable antibody; later sera (c and d) had more antibody but were highly cross-reactive with G-RSA. In contrast, sera from intradermally boosted rabbits showed less cross-reactivity and contained five to thirty times the amount of precipitable antibody found in the sera of intra- The nucleoside/protein substitution ratios for m G-RSA and guanosine-RSA were 15:1 and 17:1 respectively. Guanosine-RSA was prepared by the technique of Erlanger and Beiser (14) . spectrophotometrlcally or by loss of competitive serologlcal reactivity in the radioimmunoassay (Fig. 4) .
Specificity for intact m G was even more apparent in mouse sera induced by ra G-KLH conjugates prepared by the modified procedure (Fig. 5 ) . A 400-fold higher concentration of hydrolyzed m G than intact m G was needed for competitive binding-to a serum pool from six mice that received two i.p. doses of antigen in complete Freund's adjuvant. The amount of native nucleoslde required for 50% inhibition was 12 nmoles as compared to 25 nmoles required with rabbit antiCm G-BSA) antisera.
Detection of m G in a mRNA cap
The binding of labeled m 7 G-BSA was inhibited by m 7 G present in the RNA cap structure m GpppA (Fig. 6 ). The entire cap was not as good an inhibitor as m G alone when the two forms were compared on a molar basis. 7-Methylguanosine- derivatives (8) . Extending such comparisons, we found that 7-methylosine (m I) could inhibit the binding of m G-RSA by antibody, and that the pyrimidine nucleosides thymidine and ribothymidine also competed at high concentration ( Table 2 ). The non-methylated purine ribosides adenosine and inosine and the pyrimidine riboside uridine were less inhibitory at the same high concentrations. Table 2 percentage of it could be bound even by an excess of antibody (21) . In many experiments with labeled mRNA, lower concentrations are in fact present, so that high affinity antibodies will be required. One general approach to producing high affinity antibodies is the use of KLH as a carrier (22, 23) . This 
